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Negative quasimolecular ions of aromatic carboxylic acid amides have been observed
unexpectedly under electrospray ionization conditions. Hypothetically, deprotonation of
either carboxamide or carboximidic acid tautomers can produce anions with equivalent
resonance structures, the stability of which is affected by conjugated aromatic substituents. In
this study, a series of meta and para substituted benzamides were analyzed using electrospray
ionization mass spectrometry in aqueous methanolic solutions. The degree of ionization was
found to be pH dependent and was enhanced by electron-withdrawing substituents and
suppressed by electron-donating groups. The observed effect on apparent acidity can be
accounted for by resonance stabilization. (J Am Soc Mass Spectrom 2000, 11,
1061–1064) © 2000 American Society for Mass Spectrometry
Most aliphatic and aromatic carboxylic acidamides are presumed to be neutral com-pounds. The monitoring of amides in electro-
spray ionization liquid chromatography mass spectro-
metry (ESI-LCMS) is usually done in a positive mode
where the carboxamide group is protonated. However,
in our laboratory we observed that some pharmaceuti-
cals with an aromatic amide moiety gave strong nega-
tive [M 2 H]2 quasimolecular ions. In the absence of
other ionizable groups, deprotonation is possible via
the NH of the carboxamide group (I) or the OH of the
carboximidic acid tautomer (II) (Figure 1), resulting in
resonance stabilized anions. Addition of C- or N-aro-
matic substituents would affect the stability of the
anions and hence the intensity of the [M 2 H]2 peak.
Tautomerism of amides has been studied using UV
[1] and NMR spectroscopy [2, 3] in solution. The
existence of the imidic acid tautomer was suggested by
the observation of in situ one-electron reduction of the
cation in gas phase in the mass spectrometer [4] and the
fragmentation processes of amides in gas chromatogra-
phy-mass spectrometry [5]. However, the direct obser-
vation of amide anions in solution by mass spectro-
metry has not been reported. To test the validity of the
ionization mechanism, the effect of C and N substitu-
tion on the relative acid strength of the carboxamide
group was investigated. A series of simple aromatic
carboxamides was chosen as model compounds. The
effect of pH on the mass spectral signals was examined.
Experimental
Benzanilide, 4-nitrobenzamide, p-toluamide, and 3-me-
thoxybenzamide were purchased from Aldrich Chemi-
cal (Milwaukee, WI). N-methyl-benzamide, 3-nitroben-
zamide, 4-chlorobenzamide, and 4-methoxybenzamide
were purchased Acros Organics (Geel, Begium). Propi-
onamide, benzamide, and acetanilide were purchased
from BDH (Poole, UK). All amides were of the highest
purity available and were used without further purifi-
cation. HPLC grade methanol, formic acid, trifluoroace-
tic acid, analytical grade ammonium formate, and 32%
ammonia solution were purchased from BDH. Distilled
and deionized water was used throughout the experi-
ment. All solutions for mass spectrometry experiments
were composed of 50% methanol/water v/v. Buffered
aqueous-methanolic solution at pH 5 was prepared by
adjusting the pH of a 1:1 methanol–2 mM aqueous
ammonium formate mixture with formic acid. 1:1 mix-
ture of methanol with 1% aqueous trifluoroacetic acid
(pH 2.5), 1% aqueous formic acid (pH 3.3), 2 mM
aqueous ammonium formate (pH 7.0), and 1% aqueous
ammonia solution (pH 9.1) were used without further
adjustment.
The mass spectral measurements were performed
using a SCIEX API-2000 mass spectrometer (Applied
Biosystems, Foster City, CA) equipped with a
TurboIonSpray electrospray ionization interface and
infusion pump. Stock solutions of the amides were
prepared in methanol (;0.25 mg/mL). The stock solu-
tions were diluted 10-fold with a buffered aqueous-
methanolic solution just before mass spectral analysis.
The solution was introduced into the interface at a rate
of 10 mL/min via the infusion pump. The state files
(operation parameters) for the measurement of positive
and negative quasimolecular ions of each compound
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were optimized at the pH that gave significant intensity
of the ions. Subsequently, positive and negative spectra
were obtained at the chosen pH and the intensities of
the quasimolecular ions measured from the sum of 10
scans at 0.1 u step size, 10 ms dwell time, and 30 to 230 u
mass range. The pH effect was studied from pH 9.1 and
repeated at lower pH until the negative ion was not
detected. Positive spectra at each pH were also mea-
sured. Signal-to-noise levels of the quasimolecular ions
were measured.
Results and Discussion
Under the current conditions, most of the amides stud-
ied gave their expected quasimolecular ions in suitable
pH medium. The [M 2 H]2 and [M 1 H]1 ions were
observed in negative and positive mode, respectively.
The results of the analysis are summarized in Table 1,
including the observed intensities of the quasimolecular
ions. Signal-to-noise levels were reported as an indica-
tion of the strength of the amide ions and the selectivity
of the ions from background noise. Negative ions were
observed for all benzamide derivatives at pH 9.1 (0.5%
ammonia in aqueous methanol).
In general, amides are regarded as neutral com-
pounds and dissociation constants for most amides are
not available. In most LC-MS applications, monitoring
of the protonated molecule is the mode of choice for
amides. Indeed, the positive quasimolecular ions were
observed for all of the amides examined (except 4-ni-
trobenzamide) even in high pH (0.5% ammonia in
aqueous methanol). This is indicative of the basic char-
acteristic of the amides.
However, in the current study, a small peak corre-
sponding to the negative quasimolecular ion [M 2 H]2
was observed for benzamide in dilute ammonia solu-
tion (pH 9.1). The existence of the deprotonated amide
ion can be explained by the tautomerisation/resonance
structures proposed above (Figure 1). The anionic res-
onance structures would be further stabilized by elec-
tron withdrawing substituents. As a result, these
amides are more acidic and ionize more readily. Con-
versely, amides with electron donating groups do not
give anions under the conditions used in this study.
In electrospray ionization, external ionization mech-
anisms are not employed. The intensities of the signals
observed are dependent on the preexisting ionic con-
centration in solution. Thus, the intensities of the neg-
ative ions observed should reflect the relative degree of
ionization of the amides in the buffered solutions. The
relative acidity of the amides can be deduced from the
pH effect.
In this study, the aliphatic propionamide did not
give an anion at the highest pH of 9.1. Introduction of
aromatic C substitution (benzamide) or N substitution
(acetanilide) increases acidity slightly. Anions were
observed in 0.5% ammonia in aqueous methanol (pH
9.1) but not at lower pHs. Further addition of an
N-methyl group to benzamide only produced a slight
increase in the intensity of the anion at pH 9.1, whereas
an N-phenyl (benzanilide) has a more pronounced
effect. A weak [M 2 H]2 anion was observed up to pH
3.3.
With an electron-donating group (methoxy or
methyl) at the para position, significant lowering of the
apparent acidities was observed. Amide anions were
not observed even in the most alkaline condition be-
cause the negative charge cannot be delocalized into the
electron-rich system. In comparison, the 3-methoxy and
4-chloro substituents have no appreciable effect. Me-
dium intensity negative [M 2 H]2 ions were observed
at pH 9.1. In contrast to the 4-methoxy substitution, the
meta-substitution of 3-methoxy benzamide is not con-
jugated to the carboxamide and therefore has minimal
effect on the resonance stabilization of the negative
charge of the amide anion. The weak negative inductive
effect the 4-chloro substitution does not contribute
significantly.
With the strong electron-withdrawing nitro group,
significant increase in acidity was observed even for
meta-substitution. Medium to strong [M 2 H]2 ions
were observed for both 3- and 4-nitrobenzamide even in
highly acidic pH of 0.5% formic acid in aqueous meth-
anol (pH 3.3).
Being weak acids, amides also act as good proton
acceptors even in high pHs. It is interesting to note that
all but one of the amides studied gave positive [M 1
H]1 quasimolecular ions in the pH range employed. A
positive ion for 4-nitrobenzamide was not observed
except in the highly acidic condition of 0.5% TFA in
aqueous methanol (pH 2.5). It is possible that due to the
resonance conjugation of the extremely strong electron-
withdrawing group at the para position, the amide exists
predominantly as the anion. Protonation of the amide
group is not possible except in highly acidic medium.
In the absence of literature dissociation constants for
substituted amides, the data reported for simple amides in
water (pKa of benzamide 13–14 and acetamide 15.1) [6]
and in dimethyl sulphoxide (pK of acetic acid 12.6, ben-
zoic acid 11.1, benzanilide 18.8, acetanilide 21.45, benz-
Figure 1. Formation of carboxamide anion: carboxamide (I) and
carboximidic acid (II) tautomer.
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amide 23.35, acetamide 25.5) [7, 8] can serve as a guide of
the relative acidity. Constrained by the lack of a volatile
aqueous buffer that can reach pH higher than 9.1, the
acidity of the amides with pKa close to 14 cannot be
examined in detail. Nevertheless, from the effect of pH
on the intensities on the amide anions (Table 1), the
relative acidity of the amides examined are in the order
of 4-nitrobenzamide . 3-nitrobenzamide . benzani-
lide . acetanilide, 4-chlorobenzamide . N-methylben-
zamide . 3-methoxybenzamide . benzamide .
4-toluamide, 4-methoxybenzamide, propionamide.
This is in agreement with literature data and with
expected resonance effects of aromatic substitution.
The studies of the amide–imidic acid tautomerism
using UV, NMR, and mass spectrometry in the past
have provided indirect evidence of the existence of the
imidic acid tautomer. In UV and NMR methods, the
observations were dependent on spectral shifts. In the
two recent gas phase mass spectral studies, the evi-
dence was based on the interpretation of the fragmen-
Table 1. Effect of pH on the intensities (3106) of positive and negative quasimolecular ions
Compound MW
Conc.
(mM) Mode m/z pH 2.5 pH 3.3 pH 5.0 pH 7.0 pH 9.1
Propionamide 73 0.332 neg — neg
pos 74 9.5
(24)a
Benzamide 121 0.202 neg 120 neg neg 1.1
(2)
pos 122 8.3 3.8 8.4
(16600) (1900) (16800)
N-methyl-
benzamide
135 0.183 neg 134 neg 0.5 5.1 16.1
(31) (710) (1000)
pos 136 27.3 41.4 5.4 35.6
(330) (210) (820) (300)
4-Toluamide 135 0.183 neg — neg
pos 136 18.4
(180)
3-Methoxy-
benzamide
151 0.161 neg 150 neg 5.4
(26)
pos 152 11.1 16.6
(310) (150)
4-Methoxy-
benzamide
151 0.161 neg — neg neg
pos 152 1.8 4.5
(1800) (3000)
4-Chloro-
benzamide
155 0.158 neg 154 neg 12.5
(70)
pos 156 3.8 7.2
(50) (340)
3-Nitro-
benzamide
166 0.148 neg 165 2.3 3.1 0.5 36.1
(380) (1000) (450) (3000)
pos 167 1.1 1.3 0.3 1.8
(180) (290) (23) (260)
4-Nitro-
benzamide
166 0.148 neg 165 neg 5.4 5.9 1.1 8.3
(450) (1680) (370) (1180)
pos 167 0.37 neg neg neg neg
(23)
Acetanilide 135 0.183 neg 134 neg 22.6
(2670)
pos 136 11.9 24.7
(74) (150)
Benzanilide 197 0.124 neg 196 0.7 0.5 neg 9.9
(35) (110) (380)
pos 198 7.1 14.1 7.2 15.2
(100) (1170) (960) (1010)
aSignal-to-noise ratio.
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tation patterns of the amides. It is interesting to note
that tautomerism for most of the amides studied in the
current study was not observed [4, 5].
Conclusion
It is evident that the observed [M 2 H]2 ions in nega-
tive mode are indeed derived from the deprotonation of
the amide group. The apparent shifts in acidity can be
satisfactorily explained by tautomerization/resonance
stabilization. In aqueous media, amides exist as an
equilibrium mixture of the protonated, neutral, and/or
deprotonated species. However, because these species
cannot be detected simultaneously, the variation of the
intensities of these species with pH cannot be estimated
accurately concurrently. Thus, accurate estimation of
the pKa of these amides is not possible.
The implication of this study is that in LC-MS
applications, amide compounds can be monitored in
both the positive and negative mode. As most polar
organic compounds can be protonated in acidic media,
only acidic compounds can produce negative ions in
solution. Consequently, less background interference
and higher selectivity can be achieved in negative
mode. Also, the knowledge of the existence of amide
anions under the mild ionization condition of ESI-MS
would aid the interpretation of mass spectra and enable
a wide range of chemical equilibrium reactions to be
studied.
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